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(54) [Title of the Invention] 

THIN FILM TRANSISTOR ARRAY SUBSTRATE 

(57) Abstract 

[Problem] To provide a TFT array substrate, which may obtain 
a liquid crystal display device not causing degradation of 
display quality and having high aperture ratio. 
[Means for Resolution] This TFT array substrate includes: an 
insulating substrate; a plurality of gate electrode lines 2a, 
2b provided parallel on the insulating substrate; a gate 
insulating film; a plurality of source electrode lines 7a, 7b 
intersecting the gate electrode lines; a TFT 12 provided in 
an intersecting part of the gate electrode line and the source 
electrode line; pixel electrodes 9a, 9b connected to the drain 
electrode 8 of the TFT; and a black matrix 3 opposite to the 
pixel electrode with the gate insulating film interposed between 
them to form a storage capacitor. In the TFT array substrate, 
the black matrix is formed in the peripheral parts of the pixel 
electrodes and under the source electrode lines on the insulating 
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substrate, and the black matrix is connected to the source 
electrode lines by an insulating film contact hole 5 formed 
in the gate insulating film. 

[Claims] 

[Claim 1] A thin film transistor array substrate, 
comprising: a transparent insulating substrate; a plurality 
of gate electrode lines arranged parallel on the insulating 
substrate; a gate insulating film covering the gate electrode 
lines; a plurality of source electrode lines intersecting the 
gate electrode lines through the gate insulating films; a thin 
film transistor provided on the intersecting part of the gate 
electrode line and the source electrode line; a pixel electrode 
formed of a transparent conductive film connected to a drain 
electrode of the thin film transistor; and a storage capacitor 
electrode opposite to the pixel electrode with the gate 
insulating film interposed between them to form a storage 
capacitor, wherein the thin film transistor array substrate 
includes a black matrix formed of the same material as the gate 
electrode line in the peripheral parts of the pixel electrodes 
and under the source electrode lines on the insulating substrate, 
and the black matrix is connected to the source electrode lines 
by a contact hole formed in the gate insulating film. 

[Claim 2] The thin film transistor array substrate 
according to claim 1, wherein the black matrix has a function 



3 



of the source electrode line. 

[Claim 3] The thin film transistor array substrate 
according to claim 1, wherein an overcoat is formed under the 
pixel electrode. 

[Claim 4] The thin film transistor array substrate 
according to claim 1, wherein the black matrix is formed of 
one selected from chrome, molybdenum, aluminum, tantalum, 
tungsten, and titanium. 

[Claim 5] The thin film transistor array substrate 
according to claim 4, wherein the black matrix is formed of 
chrome . 

[Claim 6] The thin film transistor array substrate 
according to claim 1, wherein the source electrode line is formed 
of either a single layer film made of one selected from chrome, 
molybdenum, tantalum, titanium and aluminum or a multi^layer 
film made of at least two out of the metals. 

[Claim 7] The thin film transistor array substrate 
according to claim 6, wherein the source electrode line is formed 
of molybdenum. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

This invention relates to a thin film transistor array 
substrate for use in a liquid crystal display device. 
[0002] 
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[Prior Art] 

The liquid crystal display device is generally composed 
of a thin film transistor array substrate (hereinafter referred 
to as TFT array) provided with a thin film transistor 
(hereinafter referred to as TFT) , a counter substrate provided 
with a color filter, a black matrix, and a counter electrode, 
and a layer made of display ^material such as liquid crystal 
(hereinafter referred to as liquid crystal layer) held between 
the TFT array substrate and the counter substrate, and the 
voltage is selectively applied to the liquid crystal layer to 
selectively control the drive of the plurality of pixels arranged 
in a matrix. 
[0003] 

The black matrix formed on the counter substrate is formed 
to prevent transmission of light from an area where the voltage 
is not normally applied to the liquid crystal layer and incidence 
of light from the outside to the TFT part . Generally, the overlay 
accuracy of the TFT array substrate and the counter substrate 
is large as much as several [im, resulting in the problem that 
the blackmatrix remarkably lowers the aperture ratio of a pixel . 
[0004] 

In order to solve the problem, the storage capacitor 
electrode line formed on the TFT array substrate side is used 
as a black matrix in some cases. Fig. 5 is a plan view showing 
an example of the conventional TFT array substrate. Fig. 6 
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is a sectional view taken along line C - C of Fig. 5. 
[0005] 

In order to further heighten the aperture ratio of the 
pixel, a source signal line is used as a black matrix in some 
cases. Fig. 7 is a plan view showing another example of the 
conventional TFT array substrate. Fig. 8 is a sectional view 
taken along line D - D of Fig. 7. 
[0006] 

In Figs. 5 to 8, the reference numeral 1 designates a 
transparent insulating substrate, 2 a gate electrode line, 4 
a gate insulating film, 6 a contact layer, 7a and 7b a source 
electrode line, 8 a drain electrode, 9a and 9b a pixel electrode, 
10 an overcoat, and 11 a contact hole formed in the overcoat 
10 (hereinafter referred to as overcoat contact hole) , 12 a 
TFT, and 13 a storage capacitor electrode line. Figs. 5 and 
7 show an TFT array substrate for one pixel and its peripheral 
part, in which the insulating substrate 1, the gate insulating 
film 4 and the overcoat 10 are not shown. 
[0007] 

Generally the TFT is composed of a gate electrode, a gate 
insulating film covering the gate electrode, a semiconductor 
layer provided above the gate electrode, and a drain electrode 
and a source electrode, which are provided on the semiconductor 
layer at a space between them. In the TFT shown in Fig. 5, 
the gate electrode is formed by a part of the gate electrode 
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line 2, the semiconductor layer is composed of a non-doped 
amorphous silicon layer (not shown) and a contact layer 6, and 
the source electrode is formed by a part of the source electrode 
line 7a. 
[0008] 

A method of manufacturing the TFT array substrate shown 
in Figs. 5 and 6 will now be described. 
[0009] 

First on the insulating substrate 1, the gate electrode 
2 and the storage capacitor electrode line 13 having a function 
of a blaclc matrix shielding the gaps between the pixel electrodes 
9a, 9b and the source electrode lines la, 7b formed later are 
formed using the same metal material. Further, the gate 
insulating film 4, the non-doped amorphous silicon layer and 
the contact layer 6 made of phosphorus doped amorphous silicon 
are formed. The contact layer 6 and the non-doped amorphous 
silicon layer are patterned like an island. Further, after 
the pixel electrodes 9a, 9b are formed using an transparent 
electrode film, the source electrode lines 7a, 7b and the drain 
electrode 8 are formed. Lastly the overcoat 10 is formed to 
manufacture the TFT array substrate. 
[0010] 

The manufacturing method of the TFT array substrate shown 
in Figs. 7 and 8 will now be described. 
[0011] 
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First the gate electrode line 2 and the storage capacitor 
electrode line 13 are formed on the insulating substrate 1, 
Further, the gate insulating film 4, the non-doped amorphous 
silicon layer (not shown) and the contact layer 6 made of 
phosphorus doped amorphous silicon are formed. The contact 
layer 6 and the amorphous silicon layer are patterned like an 
island. Further, the source electrode lines 7a, 7b and the 
drain electrode 8 are formed. Subsequently, the overcoat 10 
is formed, and an overcoat hole 11 for connecting the pixel 
electrodes 9a, 9b and the drain electrode 8 is formed. Lastly 
the pixel electrodes 9a, 9b are formed using the transparent 
conductive film to manufacture the TFT array substrate. 
[0012] 

[Problems that the Invention is to Solve] 

In the conventional TFT array substrate, as described 
above, in order to heighten the aperture ratio, the storage 
capacitor electrode line also serves as a black matrix. 
Consequently, the overlap capacity between the source electrode 
line and the storage capacitor electrode line is large so that 
crosstalk is caused by distortion of a common signal input to 
the storage capacitor electrode line or the luminance gradient 
due to distortion of a source signal input to the source electrode 
line is large, resulting in the problem of deteriorating the 
display characteristic of the liquid crystal display device. 
[0013] 
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In superposing the pixel electrode and the source 
electrode line one on the other through an overcoat to form 
a black matrix, interlayer separation between the pixel 
electrode and the source electrode line is needed, so that an 
overcoat contact hole for connecting the pixel electrode and 
the drain electrode to each other is required in every pixel, 
resulting in the problem of lowering the yield of a manufacturing 
process. Further, in order to minimize the capacity formed 
by the overlap of the source electrode line and the pixel 
electrode, it is necessary to make the film thickness of the 
overcoat large, which causes the problem in respect of 
productivity . 
[0014] 

These are serious problems especially in the case of using 
the TFT array substrate for manufacturing a large-area and 
high-precise liquid crystal display device, and it is a large 
problem for realizing high display quality and reduction in 
cost. 
[0015] 

This invention has been made to solve the problems, and 
it is an object of the invention to realize a TFT array substrate, 
which may obtain a liquid crystal display device having a high 
aperture ratio without deterioration of display quality due 
to uneven luminance and crosstalk. 
[0016] 
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[Means for Solving the Problems] 

This invention provides a TFT array substrate including: 
a transparent insulating substrate; a plurality of gate 
electrode lines arranged parallel on the insulating substrate; 
a gate insulating film covering the gate electrode lines; a 
plurality of source electrode lines intersecting the gate 
electrode lines through the gate insulating films; a thin film 
transistor provided on the intersecting part of the gate 
electrode line and the source electrode line; a pixel electrode 
formed of a transparent conductive film connected to a drain 
electrode of the thin film transistor; and a storage capacitor 
electrode opposite to the pixel electrode with the gate 
insulating film interposed between them to form a storage 
capacitor, wherein the thin film transistor array substrate 
has a black matrix formed of the same material as the gate 
electrode line in the peripheral parts of the pixel electrodes 
and under the source electrode lines on the insulating substrate, 
and the black matrix is connected to the source electrode lines 
by a contact hole formed in the gate insulating film. 
[0017] 

The black matrix has a function of the source electrode 

line . 
[0018] 

An overcoat is formed under the pixel electrode. 

[0019] 
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The black matrix is formed of one selected from chrome, 
molybdenum, aluminum, tantalum, tungsten, and titanium. 
[0020] 

The black matrix is formed of chrome. 

[0021] 

The source electrode line is formed of either a single 
layer filmmade of one selected from chrome, molybdenum, tantalum, 
titanium and aluminum or a multi-layer film made of at least 
two out of the metals. 
[0022] 

The source electrode line is formed of molybdenum. 

[0023] 

[Mode for Carrying Out the Invention] 

The TFT array substrate of the invention will now be 
described with reference to the drawings. 
[0024] 

The TFT array substrate of the invention includes: a 
transparent insulating substrate; a plurality of gate electrode 
lines arranged parallel on the insulating substrate; a gate 
insulating film covering the gate electrode lines; a plurality 
of source electrode lines intersecting the gate electrode lines 
through the gate insulating films; a thin film transistor 
provided on the intersecting part of the gate electrode line 
and the source electrode line; a pixel electrode formed of a 
transparent conductive film connected to a drain electrode of 
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the thin film transistor; and a black matrix having a function 
of a storage capacitor electrode opposite to the pixel electrode 
with the gate insulating film interposed between them to form 
a storage capacitor. The black matrix is formed of the same 
material as the gate electrode line in the peripheral parts 
of the pixel electrodes and under the source electrode lines 
on the insulating substrate. The black matrix is connected to 
the source electrode lines by a contact hole formed in the gate 
insulating film to have a function of the source electrode line. 
[0025] 

Embodiment 1. One embodiment of a TFT array substrate 
according to the invention will now be described. 
[0026] 

Fig. 1 is a plan view showing one embodiment of a TFT 
array substrate according to the invention. Fig. 1 shows the 
TFT array substrate for one pixel and its peripheral part . Fig . 
2 is a sectional view taken along line A - A of Fig. 1. In 
Fig. 1 and Fig. 2, the reference numeral 1 designates an 
insulating substrate, 2a and 2b a gate electrode line, 3 a black 
matrix, 4 a gate insulating film, 5 a contact hole formed in 
the gate insulating film 4 (hereinafter referred to as contact 
hole) , 6 a contact layer, 7a and 7b a source electrode line, 
8 a drain electrode, 9a and 9b a pixel electrode, 10 an overcoat 
film, 11 an overcoat contact hole, and 12 a TFT. 
[0027] 
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When an electric signal for putting the TFT 12 in the 
on state is input to the gate electrode line 2a, the electric 
signal input to the source electrode line 7a is input through 
the TFT 12 to the pixel electrode 9a. 
[0028] 

A method of manufacturing the TFT array substrate of the 
present embodiment will now be described. First the gate 
electrode lines 2a, 2b having a single layer structure of Cr 
or a multi-layer structure of Cr and Al are formed on the 
insulating substrate 1. At the time, the black matrix 3 is 
simultaneously formed below the source electrode line and the 
peripheral part of the pixel electrode formed later except the 
part where the gate electrode lines 2a, 2b are formed. Further, 
the gate insulating film 4, the non-doped amorphous silicon 
layer (not shown) and the contact layer 6 made of phosphorus 
doped amorphous silicon are formed. The contact layer 6 and 
the non-doped amorphous silicon layer are patterned like an 
island. Further, after the insulating film contact hole 5 for 
connecting the source electrode lines 7a, 7b formed later and 
the black matrix 3 is formed, the pixel electrodes 9a, 9b are 
formed. Subsequently, the source electrode lines 7a, 7b and 
the drain electrode 8 are formed. Thus, the black matrix 3 
is connected to the source electrode lines 7a, 7b. Accordingly, 
the capacity between the source electrode line and the black 
matrix, which has caused the problem in the conventional TFT 
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array substrate, is not formed, so that a source signal is not 
delayed. The black matrix 3 serves as redundant wiring of the 
source electrode lines 7a, 7b. That is, even when the source 
electrode lines 7a, 7b break, the source signal is transmitted 
through the black matrix. Lastly, the overcoat 10 is formed 
to complete the TFT array substrate. Although the description 
deals with the case of forming the TFT array substrate using 
the channel etch type TFT, a channel protective type TFT may 
be used. 
[0029] 

The black matrix of the TFT array substrate formed as 
described above is at the same potential as the source electrode 
line, and an overlap capacity is not formed in a space up to 
the source electrode not to delay the source signal. The black 
matrix also serves as the redundant wiring of the source 
electrode lines, which will produce the effect of reducing 
display failure of the liquid crystal display device due to 
breakage of the source electrode lines. 
[0030] 

Embodiment 2 . Another embodiment of a TFT array substrate 
according to the invention will now be described. 
[0031] 

Fig. 3 is a plan view showing another embodiment of a 
TFT array substrate according to the invention. Fig. 3 shows 
the TFT array substrate for one pixel and its peripheral part. 
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Fig. 4 is a sectional view taken along line B - B of Fig. 3. 
In Figs. 3 and 4, the same parts as those of Fig. 1, Fig. 2, 
Fig. 5 and Fig. 6 are designated using the same reference 
numerals . 
[0032] 

The difference between the TFT array substrate shown in 
the embodiment 1 and the TFT array substrate in the present 
embodiment is that an overcoat is provided under the pixel 
electrode . 
[0033] 

A method of manufacturing the TFT array substrate of the 
present embodiment will now be described. First the gate 
electrode lines 2a, 2b having a single layer structure of Cr 
or amulti-layer structure of Cr and Al is formed on the insulating 
substrate 1. At the time, the black matrix 3 is simultaneously 
formed under the source electrode line and below the peripheral 
part of the pixel electrode formed later except the part where 
the gate electrode lines 2a, 2b are formed. Further, the gate 
insulating film 4, the non-doped amorphous silicon layer (not 
shown) and the contact layer 6 are formed. The contact layer 
6 and the non-doped amorphous silicon layer are patterned like 
an island. Further, the insulating film contact hole 5 for 
connecting the source electrode line formed later and the black 
matrix is formed. Subsequently, the source electrode lines 
7a, 7b and the drain electrode 8 are formed. Thus, the black 
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matrix 3 is connected to the source electrode lines 7a, 7b. 
Accordingly, the capacity is not formed between the source 
electrode lines 7a, 7b and the black matrix 3, so that a source 
signal is not delayed. Further, the black matrix also serves 
as the redundant wiring of the source electrode lines 7a, 7b. 
That is, even when breaking is caused in the source electrode 
lines 7a, 7b, the source signal is transmitted through the black 
matrix. Subsequently, the overcoat 10 is deposited, and after 
the overcoat contact hole 11 is formed above the drain electrode 
8, the pixel electrodes 9a, 9b are formed to complete the TFT 
array substrate. Although the description deals with the case 
of forming the TFT substrate using the channel etch type TFT 
in here, a channel protective type TFT may be used. 
[0034] 

The black matrix of the TFT array substrate formed as 
described above has not only the effect of the TFT array substrate 
shown in the embodiment 1 but also an effect of reducing the 
capacity formed between the pixel electrode and the source 
electrode line, restraining a change in potential of the pixel 
electrode due to the variation of the voltage of the source 
signal, and improving the display quality of the liquid crystal 
display device because two layers of insulating films, that 
is, the gate insulating film and the overcoat , are formed between 
the pixel electrode and the black matrix. 
[0035] 
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In the above embodiments 1 ^ 2, preferably the black matrix 
is formed of one selected from chrome, molybdenum, aluminum, 
tantalum, tungsten, and titanium, and formed using the same 
material as the gate electrode line. Further, most preferably 
chrome is used for forming the black matrix when we consider 
that hillock is not caused, and the resistance is comparatively 
low. Further, preferably the source electrode line is formed 
of either a single layer film made of one selected from chrome, 
molybdenum, tantalum, titanium and aluminum, or a multi-layer 
film made of at least two out of the above metals. Further, 
most preferably molybdenum is used for forming the source 
electrode line when we consider that hillock is not caused, 
and the resistance is low. 
[0036] 

[Advantage of the Invention] 

According to the invention, in the TFT array substrate, 
the black matrix is at the same potential as the source electrode 
line, and delay of the source signal due to overlap capacity 
formed in a space up to the source electrode line is not caused. 
Further, the black matrix also serves as the redundant wiring 
of the source electrode line, so that it is effective for reducing 
breaking of wire. 

[0037] 

Further, according to the embodiment 2, in the TFT array 
substrate, two layers of insulating films, that is, the gate 
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insulating film and the overcoat, are formed between the pixel 
electrode and the source electrode line, whereby the capacity 
formed between the pixel electrode and the source electrode 
line can be reduced, a change in potential of the pixel electrode 
caused by variation in voltage of the source signal can be 
restrained, and the display quality of the liquid crystal display 
device can be improved. 
[Brief Description of the Drawings] 

Fig, 1 is a plan view showing one embodiment of a TFT 
substrate according to the invention; 

Fig. 2 is a sectional view taken along line A - A of Fig. 

1; 

Fig. 3 is a plan view showing another embodiment of a 
TFT array according to the invention; 

Fig. 4 is a sectional view taken along line B - B of Fig. 

3; 

Fig . 5 is a plan view showing an example of the conventional 
TFT array substrate; 

Fig. 6 is a sectional view taken along line C - C of Fig. 

5; 

Fig. 7 is a plan view showing another example of the 
conventional TFT array substrate; and 

Fig. 8 is a sectional view taken along line D - D of Fig. 

7. 

[Description of the Reference Numerals and Signs] 
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1: insulating substrate 

2a, 2b: gate electrode line 

3: black matrix 

4: gate insulating film 

5: insulating film contact hole 

6: contact layer 

7a, 7b: source electrode line 

8: drain electrode 

9a, 9b: pixel electrode 

10: overcoat 

11: overcoat contact hole 
12: TFT 



19 



FIGURE 1 

2a, 2b: GATE ELECTRODE LINE 
3: BLACK MATRIX 

5: INSULATING FILM CONTACT HOLE 

6: CONTACT LAYER 

7a, 7b: SOURCE ELECTRODE LINE 

8: DRAIN ELECTRODE 

9a, 9b: PIXEL ELECTRODE 

FIGURE 2 

1: INSULATING SUBSTRATE 
3: BLACK MATRIX 
4: GATE INSULATING FILM 
7a: SOURCE ELECTRODE LINE 
9a, 9b: PIXEL ELECTRODE 
10: OVERCOAT 

FIGURE 3 

2a, 2b: GATE ELECTRODE LINE 
3: BLACK MATRIX 

5: INSULATING FILM CONTACT HOLE 

6: CONTACT LAYER 

7a, 7b: SOURCE ELECTRODE LINE 

8: DRAIN ELECTRODE 

9a, 9b: PIXEL ELECTRODE 
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11: OVERCOAT CONTACT HOLE 
FIGURE 4 

1: INSULATING SUBSTRATE 
3: BLACK MATRIX 
4: GATE INSULATING FILM 
7a: SOURCE ELECTRODE LINE 
9a, 9b: PIXEL ELECTRODE 
10: OVERCOAT 

FIGURE 5 

2: GATE ELECTRODE LINE 

6: CONTACT LAYER 

7a, 7b: SOURCE ELECTRODE LINE 

8: DRAIN ELECTRODE 

9a, 9b: PIXEL ELECTRODE 

13: STORAGE CAPACITOR ELECTRODE LINE 

FIGURE 6: 

1: INSULATING SUBSTRATE 
4: GATE INSULATING FILM 
7a: SOURCE ELECTRODE LINE 
9a, 9b: PIXEL ELECTRODE 
10: OVERCOAT 

13: STORAGE CAPACITOR ELECTRODE LINE 
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FIGURE 7 

2: GATE ELECTRODE LINE 

6: CONTACT LAYER 

7a, 7b: SOURCE ELECTRODE LINE 

8: DRAIN ELECTRODE 

9a, 9b: PIXEL ELECTRODE 

11: OVERCOAT CONTACT HOLE 

FIGURE 8 

1: INSULATING SUBSTRATE 
4: GATE INSULATING FILM 
7b: SOURCE ELECTRODE LINE 
9a, 9b: PIXEL ELECTRODE 
10: OVERCOAT 
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[Amendment] 

[Date of Submission] : October 1 , 1999 
[Amendment 1] 

[Document Name of Object of Amendment]: Specification 
[Column Name of Object of Amendment] : Claims 
[Amendment Method] : Alteration 
[Contents of Amendment] 
[Claims] 

[Claim 1] A thin film transistor array substrate, 
comprising: a transparent insulating substrate; a plurality 
of gate electrode lines arranged parallel on the insulating 
substrate; a gate insulating film covering the gate electrode 
lines; a plurality of source electrode lines intersecting the 
gate electrode lines through the gate insulating film; a thin 
film transistor provided in the intersecting part of the gate 
electrode line and the source electrode line; a pixel electrode 
formed of a transparent conductive film connected to a drain 
electrode of the thin film transistor; and a storage capacitor 
electrode opposite to the pixel electrode with the gate 
insulating film interposed between them to form the storage 
capacitor, wherein the thin film transistor array substrate 
includes a black matrix formed of the same material as the gate 
electrode line in the peripheral parts of the pixel electrodes 
and under the source electrode lines on the insulating substrate, 
and the black matrix is connected to the source electrode lines 
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by a contact hole formed in the gate insulating film. 

[Claim 2] The thin film transistor array substrate 
according to claim 1, wherein the black matrix has a function 
of the source electrode line. 

[Claim 3] The thin film transistor array substrate 
according to claim 1, wherein an overcoat is formed under the 
pixel electrode. 

[Claim 4] The thin film transistor array substrate 
according to claim 1^ wherein the black matrix is formed of 
one selected from chrome, molybdenum, aluminum, tantalum, 
tungsten, and titanium. 

[Claim 5] The thin film transistor array substrate 
according to claim 1, wherein the source electrode line is formed 
of either a single layer film made of one selected from chrome, 
molybdenum, tantalum, titanium and aluminum or a multi-layer 
film made of at least two out of the metals. 
[Amendment 2] 

Document Name of Object of Amendment] : Specification 
[Column Name of Object of Amendment] : 0020 
[Amendment Method] : Obliteration 



25 



